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METHOD AND APPARATUS TO REDUCE OZONE PRODUCTION IN ION WIND 

DEVICES 

5 BACKGROUND OF THE INVENTION 

Technical Field 

This invention relates generally to ion generators and ion wind devices, and more 
specifically to an improved method and apparatus for reducing the production of ozone in ion 
10 wind devices. 

Background Art 

Ion wind devices such as described in Lee U.S. Patent No. 4.789.801 (incorporated 
herein by reference) provide accelerated gas ions generated by the use of differential high 

1 5 voltage electric fields between an array of one or more emitters and a plurality of collectors 
(accelerators). The ions are entrained in the ambient bulk gases, causing the gases to flow. 
Gas velocities can reach as high as eight hundred feet per minute. However, the high voltage 
electric fields used to generate the gas ions and provide the force necessary for gas 
acceleration are also responsible for creating molecular dissociation reactions, the most 

20 common of which include ozone generated from oxygen when such devices are operating in 
a breathable atmosphere. It is an object of this invention to provide methods to reduce the 
production of ozone in such devices. 

The U.S. Food and Drug Administration has determined that indoor airborne ozone in 
concentrations above 50 p P b (parts per billion) may be hazardous to humans. NIOSH has 

2? ruled that indoor concentrations of ozone above 1 00 ppb may be hazardous to humans. 

Devices which utilize high voltage electric fields to generate atmospheric plasma, corona 
discharge and air ions are all susceptible to generating the allotrope, ozone. There exists a 
linear relationship between the level of the high voltage fields and current and the level of 
ozone concentration in most direct current operated ion wind svstcrr.s Ab-n n h^r 



maximum acceleration, methods must be employed to limit or eliminate unwanted 



ozone 
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production. 



Disclosure of Invention 

Ion wind devices accelerate gas ions by applying differential high voltage electric 
5 fields between one or more emitters and a plurality of collectors (accelerators). The 

inventive method limits ozone production while simultaneously realizing incidents of high 
acceleration in such devices by varying the high voltage potential across the array of 
emitter(s) and collectors over time in such a manner as to generate a "wave effect" of airflow. 
Several alternative methods of varying the high voltage potential have proven successful in 

1 0 accomplishing this wave effect. One method, which may be referred to as((^Axc^ 
Q\ ng^d>llows the positive emitter high voltage potential to opiate at a redSivd\e.g.. 
+ 6 KV) for a period of time (e.g.. three seconds), and then switch to a higher potential (e.g.. 
+8.5 KV) for another, and preferably shorter period of time (e.g., one second). The result is 
that at the lower (less ozone generating level) airflow is simultaneously reduced. However, 

1 5 when switched from the lower to the higher potential for one second higher airflow is 

momentarily achieved due to accelerated ion momentum. The overall average airflow is 
slightly higher than the linear three to time ratio due to ion momentum transfer and resulting 
inertia from it. 

(V) An alternative method, which may be referred to a^ rfana^ ^^ accomplishes 



20 



the wave effect by use of an electronic circuit to generate a nonHneaTIawtooth ramp driving 
voltage. Typical ramp duration would also be, e.g.. four seconds, with the ending portion and 
trailing edge effecting the highest voltage state for approximately one second. In both the 
switching method and ramping method airflow velocities were varied typically from a low 
state of 300 feet P er minute to a high state of 500 feet per minute. Subsequent ozone 
production levels varied from a low of 1 7ppb for 3 seconds to a high of 50ppb for less than 
one second. Overall average ozone production was less than 25 ppb. This represents an 
improvement over operating the same array at a steady state of 350 feet per minute and 
generating an average of 35 ppb ozone. Furthermore, the burst of 500 feet per minute of 
airflow improves perceptible operation of the ion wind device. 
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20 seconds off and then 20 seconds at the high voltage state. Finally, either the switching 
method, the ramping method or the gate method may be used in concert with each other or 
with other ozone control. 



5 Brief Description of the Drawing s 

Fig. 1 is a schematic view of an emitter and collector (accelerator) array of an ion 
wind device; 

Fig. 2 is a schematic view of the switching method of varying the high voltage 
potential between the emitter(s) and collectors of this invention; 
10 3 is a schematic view of the ramping method of this invention: and 

Fin 4 is a schematic view of the gate method of this invention. 

Best Mode for Carrying Out the Invention 

Fig. 1 refers to a typical ion wind array such as described in Lee U.S. Patent No. 

15 4,789,801. The emitter or emitters 10 are typically constructed of .1 mm pure tungsten wire 
and may be of any length. The c ollect ors (sometimes referred to as accelerators) 20 are^ 
typically constructed of any non corrosive conductive material such as QQppen aluminum, 
stainless steel, or brass. The emitter 10 is always located opposite and at the center (A) of the 
opening of the collectors 20. The equidistant (B) of the emitter 10 to the leading edge 

20 (radius) of the collector 20 may vary depending upon desired operational effect, but is 
typically one inch. This is also true of the spacing (C) between the collectors 20. 

The differential voltage applied across the emitter/collector array must be at leasi 
J5.500 volts in order to effect any substantial ion mobility and subsequent airflow. Typical 
configurations consist of applying a positive high voltage to the emitter 1 0 and a negative 

2> high voltage to the collector 20 to achieve a maximum differential voltage of 1 5,000 volts 
D C. These voltage potentials may be reversed, however, when this is done a^Ti^even 
plasma envelope is developed at the emitter source, which results in excessive corona noise 
and ozone production. Alternatively, the array may be driven by a single positive or single 
negative high voltage excitation source to the emitter 10 with the collectors 20 having a hi«?.h 
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Fig. 2 is a schematic view of the^switching method^ this invention. This method 
provides a pulsed high voltage to the emitter/collector array, i.e., a high voltage excitation 
configuration to drive the array by switching from a lower-level positive high voltage state 
HV1 to a higher-level positive high voltage state HV2 at pre-determined time intervals, e.g., 
one second HV1 and three seconds HV2. It is not necessary to include the negative voltage 
reference -HV if the positive voltage is increased proportionally to achieve like airflow 
levels. Also, the voltage polarities may be reversed with minimal effect upon the airflow 
levels. 

Fig. 3 is a schematic view of th^^5^m^d))f this invention. This method 
provides a ramped high voltage to the emitter/collector array, i.e., a high voltage excitation 
configuration to drive the array with a voltage ramp, which changes in amplitude over a 
variable time interval. The low-level high voltage on time state may typically be as long as 
5.5 seconds for minimal ozone production. Conversely, the low-level high voltage may be as 
short as 2.5 seconds for maximum desired ozone. The ramp up time is typically 1.5 seconds 
to create a differential voltage in excess of 14,000 volts. Actual time and amplitude may be 
varied for effect depending upon desired airflow and ozone levels. 

Fig. 4 is a schematic view of the^ate^eAod^f this invention. This method provides 
a sequential high voltage to the emitter/collector array, i.e.. a high voltage gating (or 
switching on/off) method whereby the differential high voltage applied to the array is turned 
from a zero state to a maximum high state at pre-determined intervals. The on/off timed 
states and differential amplitude may be varied for effect. For example, a 20-second on to 20 
second off time and a differential high voltage level of 1 5,000 volts would be the maximum 
duty cycle and amplitude for airflow and ozone output. As in the switching and ramping 
methods, supra, it is not absolutely necessary to use a negative high voltage on the collector 
array if the voltage level is increased proportionally on the emitter array, since the airflow 
and ozone levels will change proportionally in like ambient conditions. However, a negative 
voltage applied to the collector array is usually used to improve contaminant collection, limit 
circuit cost and minimize corona arcing to neutral components located in the vicinity of the 
array housing. 
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CLAIMS 



What is claimed as invention is: 

1. A method of reducing ozone production in ion wind devices, said method 
comprising the steps of: 



providing an emitter; 

providing a plurality of collectors; 

positioning said collectors generally equidistant from said emitter to form an 
array; 

providing a high voltage potential between said emitter and said collectors; 
and 

varvinP said hioh vnltaop nnfpntinl nvpr timp tr> npnprqtp a Affiant r\f 

j «_J - C?-~ 0~ J ' ' ~" »»•*-— »~ *-* W WAAWWl \J *. 



airflow and reduce total ozone production. 
2. The method of reducing ozone production in ion wind devices of claim 1 wherein 
said step of varying said high voltage potential over time compris^witching^aid high 



voltage potential from a lower high voltage level for a first period of time, to a higher high 
voltage potential for a second period of time. 

3. The method of reducing ozone production in ion wind devices of claim 2 wherein 
said lower high voltage level is approximately +6 KV, and said higher high voltage potential 
is approximately +8.5 KV. 

4. The method of reducing ozone production in ion wind devices of claim 2 wherein 
said first period of time is greater than said second period of time. 

5. The method of reducing ozone production in ion wind devices of claim 4 wherein 
said first period of time is approximately 3 seconds, and said second period of time is 
approximately 1 second. 

6. The method of reducing ozone production in ion wind devices of claim 1 wherein 
saidjtep of varying said high voltage potential over time comprises providing a nonlinear 



7. The method of reducing ozone production in ion wind devices of claim 6 wherein 
said nonlinear ramp driving voltage has a duration of approximately 4 seconds. 





ramp driving voltage to said emitter/collector array. 
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9. The method of reducing ozone production in ion wind devices of claim 1 wherein 
said step of varying said high voltage potential over time comprises providin^agating^ 
voltage to said emitter/collector array. 

10. The method of reducing ozone production in ion wind devices of claim 9 wherein 
said gating voltage is turned from a zero state to a maximum high state at predetermined time 
intervals. 

{ < c 
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Dear Jim: 

We have received a communication from the International Preliminary Examining 
Authority concerning the above-indicated PCT application. A copy of the Written Opinion and 
the references it cites are enclosed. 

You may not have gone through this exercise before, and this communication may prove 
to be somewhat confusing. Accordingly, it is my hope to set out a straightforward summary of 
the Written Opinion and how you may wish to treat it. 
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Nos. 1 through 10 of your application are both novel and involve an inventive step, i.e., are 
nonobvious (see page 3 of the report). This is a highly favorable opinion and suggests that the 
Examiner would likely grant you a patent on this application in the United States. It may be 
treated quite differently in other countries, as other examiners are not bound by this opinion. 
Nonetheless, there is considerable justification for optimism at this point. 

In short order we shall be mailing you a notice regarding the deadlines for making 
national filings based on this PCT application. Beforehand, however, please call me if you have 
any questions, please feel free to call at any time. 

I look forward to speaking with you soon. 
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